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Correction for ‘Spatial organization of Pseudomonas aeruginosa biofilms probed by combined matrix-

assisted laser desorption ionization mass spectrometry and confocal Raman microscopy’ by Rachel N.

Masyuko et al., Analyst, 2014, DOI: 10.1039/c4an00435c.
In the original study for the DOI detailed above, Masyuko et al. examined the Raman and mass spectrometric microspectra and
images accompanying transition from planktonic cells to biolms in wild-type Pseudomonas aeruginosa and in a quorum sensing
(QS)-decient mutant,DlasIDrhlI. In the course of follow-up studies, we became aware that some of the Raman spectra attributed to
wild-type biolm could have arisen from a contaminant, microparticulate polystyrene (PS). Subsequently, a new series of wild-type
Pseudomonas biolms were grown under rigorously PS-free conditions, and new spectra and images were acquired. For the new
data shown in the gures below, Fig. 1 replaces the spectrum shown in Fig. 1(b) of the original and Fig. 3 replaces the images shown
in Figs. 3(b) and S2 of the original. A detailed consideration of the bands and their assignments in the new biolm spectrum is
given in the Supplemental Information (see below).

While detailed analysis of the biolm spectrum, Fig. 1(b), and the image acquired, Fig. 3(b), differ from the corresponding data
in the original, the major conclusions of the paper are unaffected. In particular:

(1) the wild-type biolm spectra are markedly different than the corresponding wild-type planktonic cell spectra, cf. Fig. 1(b)
vs. Fig. 1(a);

(2) wild-type biolms produce spectra that are characteristic of rhamnolipids, secreted as part of the biolm formation
process, and by a co-secreted protein/peptide component; and

(3) these data are consistent with the formation of a thick (relative to the sampling depth of the CRM) biolm aer 72 h in the
wild type cells, but not in the QS mutant.
Supplemental Information

Text in the original describing the Raman spectra (Figs. 1(b) and 3(b) in the original) should be replaced with the following.
Upon biolm formation, dramatic changes occur in the spectrum, Fig. 1(b). Biolms cultivated on bare Si exhibit a greatly

reduced SiO2 background (915–1015 cm�1), presumably because biolms at 72 h are much thicker than the <1 mm confocal depth
of the CRM. In addition, the strong DNA/RNA-related bands at 747 (thymine), 1126 (cytosine), and 1310 cm�1 (adenine) are all
diminished in relative intensity. The strong band at 1585 cm�1 is reduced in strength and a new band at 1606 cm�1 grows in. In
addition, narrow bands with peaks centered at 1005 cm�1 and 1034 cm�1 appear as well as bands centered at 830 cm�1, 1166 cm�1,
1186 cm�1, 1417 cm�1, 1445 cm�1 and 1558 cm�1. Most striking is the intense peak at 1005 cm�1 attributed to symmetric ring
breathing vibrations in phenylalanine and tryptophan, indicative of proteins.1 Other bands characteristic of proteins are at 830
cm�1 ring breathing vibrations in tyrosine (with a possible contribution from rhamnolipid), 1186 cm�1 arising from C–H in plane
bending vibrations in tyrosine and phenylalanine,2 1214 cm�1 and 1246 cm�1 both assigned to amide III vibrations, 1558 cm�1

linked to the C–C pyrrole ring stretching vibrations in tryptophan and the two bands at 621 cm�1 and 1605 cm�1 arising from in
plane ring deformation and C]C stretching vibrations in phenylalanine, respectively.1
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Fig. 1 Raman microspectra of wild type Pseudomonas aeruginosa. (a) Planktonic cells, as deposited on Au-coated Si substrate. (b) Biofilm after
72 h formation on uncoated Si. Raman spectra are baseline corrected using a fourth order polynomial function. Vertical dashed lines added to aid
comparison between spectra. Spectrum 1(a) is identical to that in the original.

Fig. 3 Composite Raman images of different Pseudomonas aeruginosa samples. (a) Plan view image of planktonic cells constructed from
scattering in the region 2800–3050 cm�1. Scale bar 0.7 mm. (b) Plan view image of a biofilm constructed from a combination of bands in the
regions 2800–3050 cm�1 (red) and 980–1020 cm�1 (blue), representing all organic components and protein scattering, respectively. Scale bar
10 mm. (c) Depth profile of the biofilm in the x–z plane constructed from 2800–3050 cm�1 (red), 1560–1620 cm�1 (blue) and 725–775 cm�1

(green). Scale bar 7 mm. Panels (a) and (c) are identical to those in the original.
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The important band at 1034 cm�1, as well as bands at 1129 cm�1 and 1163 cm�1, lie in the carbohydrate region of the spectrum,
and are observed in the wild-type biolm spectrum, Fig. 1(b), but not in the spectrum from the planktonic cells, Fig. 1(a). These are
classied as C–O stretching with contributions from in plane C–H deformations in phenylalanine (1034 cm�1), C–C and C–O
symmetric (1128 cm�1) and asymmetric (1163 cm�1) ring breathing vibrations.3–5 In the context of Pseudomonas-derived biolms,
these bands are consistent with the presence of rhamnolipids,6 a specic class of glycolipids known to be secreted by Pseudomonas
species concurrently with biolm formation,7,8 an assignment conrmed viaMS. Comparison of representative microspectra from
a Pseudomonas wild-type biolm, Fig. 1(b) with a mixed rhamnolipid standard shows that the standard has contributions from
common Raman bands at 1030 cm�1, 1068 cm�1, and 1155 cm�1 (wide band that includes the contributions at 1163 cm�1)
characteristic of the sugar moieties, as well as a strong band at 1445 cm�1 as described above consistent with the presence of
This journal is © The Royal Society of Chemistry 2014 Analyst, 2014, 139, 6058–6060 | 6059
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Table S1 Raman band assignments for P. aeruginosa biofilm spectrum

Frequency (cm�1) Assignment

621 In plane ring breathing deformation in phenylalanine1

674 Ring breathing modes in DNA bases9

704
746
830 Tyrosine ring breathing3,10

849 Tyrosine ring breathing3,10

879 C–C stretching, C–O–C glycosidic link4,5,10

908 C–O–C stretching11

952
1005 Ring breathing phenylalanine and tryptophan1

1034 C–H in plane phenylalanine, C–C and C–O stretching3–5

1064 C–C and C–O stretching3–5

1099 C–O–C glycosidic link symmetric ring breathing3–5

1128 C–C str, C–O–C glycosidic link symmetric ring breathing3–5

1163 C–C str, C–O–C glycosidic link asymmetric ring breathing3–5

1186 Tyrosine, phenylalanine
1215 Amide III3–5,10

1246 Amide III3–5,10

1310 d (CH) in carbohydrates and proteins4,5,10

1341 d (CH) in carbohydrates and proteins4,5,10

1392 COO� symmetric stretch
1417 COO� symmetric stretch
1445 CH2 deformation5,10

1558 Tryptophan ring12

1587 Ring stretch doublet – benzene derivative
1605 C]C phenylalanine1
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rhamnolipids in the biolm matrix. Conrming the assignment of these bands to rhamnolipids, the MS data not only show the
presence of rhamnolipids, but also allow their assignment to individual congeners.

Band assignments for the biolm spectrum are summarized in Table S1.
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